trans-Resveratrol is one of the most important plant polyphenols and has attracted considerable pharmaceutical interest because of its diverse biological activities [1] . However, the water-insolubility of trans-resveratrol limits its further pharmacological exploitation. Recently, several attempts have been made to synthesize watersoluble glycosides of trans-resveratrol by chemical methods including tedious protection-deprotection procedures, which resulted in low yields [2] . Plant cell cultures would be useful for practical preparation of -D-glucosides, due to the high potential of plant glucosyltransferases to diastereoselectively produce -Dglucosides through one-step enzymatic glucosylation [3] [4] [5] [6] [7] .
Light-emitting diode (LED) is an electric light source based on the semiconductor diode. The color of LEDs is determined by the energy gap of the semiconductor, and LEDs are available across the visible, ultraviolet, and infrared wavelengths with very high brightness. Compared with traditional light sources, LEDs present many advantages, such as lower energy consumption, longer lifetime, smaller size, and faster switching. LEDs are diversely used as low-energy indicators, and as light sources in agriculture. However, there are few reports on the effects of LEDs on the biochemical potential of plant cell cultures to convert exogenous compounds. We report, herein, the biocatalytic glycosylation of trans-resveratrol by cultured plant cells to its -D-glucosides, and the effects of LEDs, which were used in biotransformation experiments as light sources, on the yields of products.
Plant cell cultures of Strophanthus gratus were tested for their potential to glycosylate trans-resveratrol (1) ( Figure 1 ) under illumination of LEDs (CCS Inc. (Japan), ISL series). A biotransformation experiment was carried out according to the previously reported procedures, except that sub-cultivation (2 months) and reaction were performed under illumination of white LEDs (wavelength: 780>>430 nm). The substrate, transresveratrol (1), was administered to a 300 mL conical flask (0.1 mmol/flask) containing 70 g of suspension cell cultures of S. gratus and 100 mL of culture medium. After the incubation of cultures for 10 days on a rotary shaker (70 rpm) under illumination of white LEDs, the cells and medium were separated by filtration. The cells were extracted by homogenization with MeOH. The medium was extracted with EtOAc. The EtOAc and MeOH layers were combined, concentrated, and analyzed by HPLC. To obtain a sufficient amount of glycosides for product identification by NMR analyses, a large scale experiment was carried out using ten 300 mL conical flasks containing cultured cells. The MeOH extract of cells was purified by chromatography using a Diaion HP-20 column to give glycoside products. The yield of products was calculated on the basis of peak area in their HPLC analyses using calibration curves, which had been prepared by HPLC analyses of authentic glycosides. As a result, trans-resveratrol (1) was glucosylated to its 3-O--D-glucoside (2) in 20% yield and 4'-O--D-glucoside (3) in 24% yield by cultured S. gratus cells.
Next, the effects of color LEDs used as light sources on the yields of biotransformation products were examined. Biotransformation was carried out under the same experimental conditions using cultured S. gratus cells (70 g/flask) as described above, except that both sub-cultivation for 2 months and biotransformation were performed under red LEDs (: 660 nm) (CCS Inc., Japan). Two compounds 2 and 3 were produced in 22% and 27% yields, respectively. When blue LEDs (: 470 nm) were used as light sources, products 2 and 3 were obtained in 70% and 25% conversion yield.
A time-course experiment was carried out to examine the biotransformation pathways of trans-resveratrol (1) by cultured S. gratus cells under white or blue LEDs. As shown in Figure 2 (Figure 2 (B) ). The amount of 3-O--D-glucoside (2) Recently, effects of ultraviolet mutagenesis on the glycosylation activity of a bacterium, i.e., Xanthomonas campestris, have been reported [8] . The mutation of the genes of the wild type cells of X. campestris by ultraviolet exposure led to an increased expression of the enzymes responsible for the production of kojic acid glucoside from kojic acid. Further studies on the effects of LEDs on the expression of plant glycosyltransferases responsible for the production of trans-resveratrol glycosides are now in progress.
3-O--D-glucoside (2) as the major product and 4'-O--D-glucoside (3) as the minor one under blue LEDs

Experimental
General: HPLC was carried out with a YMC-Pack R&D ODS column (150 x 30 mm) (solvent: MeOH-H 2 O (9:11, v/v); detection: UV (280 nm); flow rate: 1.0 mL/min). trans-Resveratrol, used as a substrate, was purchased from Wako Pure Chemical Ind. The cultured plant cells were sub-cultured at 4-week intervals for 2 months on solid MS medium containing 2% glucose, 1 ppm 2,4dichlorophenoxyacetic acid, and 1% agar (adjusted to pH 5.7) under illumination of LEDs. A suspension culture was started by transferring 20 g of the cultured cells to 100 mL of liquid MS medium in a 300 mL conical flask.
Biotransformation procedure: The suspension plant cells were incubated in 300 mL conical flasks for 3 weeks. The cultured cells in the stationary growth phase were used for experiments. After the cultivation period, 0.1 mmol of the substrate was added to the flask containing 70 g of suspension cell cultures. A total of 1 mmol of the substrate was administered to 10 flasks. The transformation was performed by incubating the mixture at 25°C on a rotary shaker (70 rpm) for 10 days. The culture medium was extracted with EtOAc, and the cells were extracted (x3) by homogenization with MeOH. For the experiments on product analyses, the EtOAc and MeOH layers were combined, concentrated, and analyzed by HPLC. In the experiments on preparation of products, the MeOH fraction was concentrated and partitioned between H 2 O and EtOAc. The EtOAc fractions were combined, concentrated, and analyzed by HPLC. The H 2 O fraction was applied to a Diaion HP-20 column and the column was washed with H 2 O followed by elution with MeOH. The MeOH eluate was subjected to HPLC to give the glycosylated product. The yield of product was determined by HPLC analyses using calibration curves prepared with authentic samples and expressed as a percentage of the amount of administered substrate.
